ABSTRACT. The paper describes clinical and pathological features of Alexander's disease (AD)-like disorder in a 1 year and 8 months old French bulldog. Clinically, the dog exhibited megaesophagus, emaciation and weakness without any specific neurological symptoms. The dog died of aspiration pneumonia. On the gross observation of formalin-fixed brain, discolored foci were observed in the white matter of the cerebellum and brain stem. Histologically, numerous Rothenthal fibers and hypertrophic astrocytes were distributed especially in the perivascular, subependymal and subpial area of both the cerebrum and cerebellum. The Rosenthal fibers were intensely immunopositive for GFAP and ubiquitin. Demyelination of the white matter was occasionally found in the brain stem. The present case is likely to be categorized in the adult form of AD, though previous AD-like cases in dogs were in the juvenile form.
Human Alexander's disease (AD) is an infantile leukodystrophy which was first described in 1949 and characterized by macrocephaly, psychomotor regression, spasticity, ataxia and seizures leading to death within a few years [6, 11] . Characteristic gross changes are grayish discoloration of the white matter, especially in the prosencephalon and ventricular dilatation. Microscopically, widespread myelin pallor along with characteristic Rosenthal fibers (RFs) are observed throughout the central nervous system (CNS) [14] . Transgenic mice overexpressing glial fibrillary acidic protein (GFAP) develop RFs [8] , and gene mutations in GFAP seem to be most relevant to the cause of AD. The disease is classified based on the age of onset; i) the infantile form with megalencephaly and developmental delay at birth to 2 years old, ii) the juvenile form with seizures, bulbar signs and/or mental deteriolation at 2 to 12 years old, and iii) the adult-onset form with slowly progressive bulbar dysfunction and various neurological signs in the second to seventh decade of life [13] .
A few cases clinically and morphologically identical to AD in humans have been reported in dogs and a sheep [3] . All of the dog cases [1, 2, 7, 12, 18] developed the AD-like disorders by 6-month-old, thus they were considered to resemble the juvenile form of AD (Table 1 ). The present paper describes a caine case of adult-onset AD.
A 1 year and 8 months old, spayed female French bulldog showed vomiting 2 month before death, and developed gradual weight loss. By barium contrast examination, megaesophagus was observed, suspecting to develop aspiration pneumonia. Despite of fluid food supply, vomiting did not improve. Anti-acetylcholine receptor antibody titer in the serum was 0.12 nmol/l (normal range: 0-0.6). Neurological examinations revealed no specific abnormality. The dog became emaciated and died.
At necropsy, the esophagus was markedly enlarged with attenuation of the wall along its entire length. The lungs were entirely reddish brown in color, and foamy contents accumulated in their bronchial tubes. There were scattered foci of discoloration on the cut surface of the formalin-fixed cerebellum and brain stem (Fig. 1) . The foci in the brain stem appeared translucent.
The tissue samples were fixed in 10% neutral buffered formalin solution for 4 days, processed routinely, embedded in paraffin, sectioned at 4 m-thick, and stained with hematoxylin and eosin (HE). The brain sections were also stained with luxol fast blue-HE (LFB-HE). Immunohistochemical stainings were applied on the representative sections. The primary antibodies used were rabbit anti-GFAP (1:400, Dako, Glostrup, Denmark), anti-ubiquitin (1:200, Dako) and anti-CD20 (1:400, Thermo Scientific, Fremont, CA, U.S.A.). Following a treatment with 8% skim milk at 37C for 40 min, sections were incubated with the primary antibodies at 4C overnight, and followed by secondary antibody reactions at 37C for 40 min using EnVision AntiRabbit Conjugation system (Dako, Carpinteria, CA, U.S.A.). Finally, the positive reactions were visualized with 0.05% 3,3'-diaminobenzidine (DAB) and 0.03% hydrogen peroxide in Tris-HCl buffer, and counterstained with hematoxylin.
Histopathological lesions were distributed throughout the white matter of the brain (Fig. 2) , especially in the cerebellum and brain stem. Numerous eosinophilic RFs were shown mostly in the perivascular, subependymal and subpial areas along with frequent distribution of abnormally (Fig. 3) . Immunohistochemically, the RFs were intensely positive for GFAP and ubiquitin ( Fig. 4a  and 4b ). Some enlarged astrocytes contained a large amount of GFAP-and ubiquitin-positive materials in their cytoplasm ( Fig. 4a and 4b , insets), indicating the presence of ubiquitinated GFAP within astrocytes. In the cerebral cortex, hypertrophic astrocytes, which were positive for GFAP, diffusely proliferated. Demyelinating foci were occasionally disclosed in the brain stem on the LFB-HE stained sections (Fig. 5 ). In the cerebellum and brain stem, perivascular infiltration of lymphocytes and hemorrhagic foci were also occasionally observed (Fig. 6) . Most of the perivascular lymphocytes were immunopositive for CD20 suggesting B cells (Fig. 6 ). Human AD is included in the category of leukodystrophy. The main microscopic features of human cases are GFAPand ubiquitin-positive RFs and hypertrophic astrocytes. Human AD is classified according to the age onset; as infantile-, juvenile-and adult-onset forms. Each form of the disease is also characterized by the particular histological features. In the infantile form which is most severely affected, the entire CNS rapidly degenerates causing intracranial hypertension, epileptic seizure, motor neuron impairment, and cognitive decline. Extensive loss of white matter is observed. The adult form is characterized by predominant rhombencephalic degeneration without epilepsy and cognitive impairment. White matter loss is little, if any. The juvenile form is intermediate between the two forms [9] . In dogs, AD-like disorders have been reported in the Labrador retriever, Scottish terrier, miniature poodle and Bernese mountain dog ( Table 1 ). The dogs developed symptoms such as ataxia, paresis and tremor from juvenile ages. Histologically, white matter demyelination was observed together with a large amount of RFs and astrogliosis. These findings were similar to those of the juvenile form of human AD. In the present case, the first symptom, megaesophagus, was observed at 1 year and 6 months of age, which is the young adult category in dogs. In the brain, the lesion is observed mainly in the brain stem and white matter demyelination was minimal. These findings might suggest that the present case resembles the adult form of human AD rather than juvenile form. In nonhuman animals, the adult-onset of AD-like disorder was only reported in a 4-year-old ewe [3] .
Most of the infantile and juvenile forms of human AD are sporadic, while familial distribution is often suspected for the adult form [4] . In dog cases, two Labrador retriever littermates indicated similar histological changes resembling AD [7] . Additionally, three of four littermates of Scottish terrier showed AD-like neurological symptoms, although they were not pathologically examined [2] . Canine AD-like disorders may also be heritable. Further molecular biological studies for the GFAP gene will be necessary.
The present case developed marked megaesophagus. If the brain stem motor nuclei are affected, multiple symptoms such as dysphonia, dysphagia, megaesophagus, and external ophthalmoplegia may occur [10] . However, the present case showed only megaesophagus, not other multiple symptoms. Thus, we suppose that megaesophagus might be an unrelated congenital disorder.
In the present case, perivascular CD20-positive B cell infiltration was observed in the brain stem. Such perivascular lymphocytic infiltration has also been reported in human AD [15] , although there have been no information about the change in previous canine AD-like cases [1, 2, 7, 12, 18] . The evidence of blood-brain-barrier (BBB) disruption has been confirmed by magnetic resonance imaging examinations using contrast-enhancement in human AD patients [9] . Such abnormality of BBB might be associated with lymphocytic infiltration. On the other hand, RFs observed in human AD are immunohistochemically positive for GFAP, ubiquitin, alpha-B-crystalline and heat shock protein (Hsp) 27 [5] . The alpha B-crystalline, a small heat shock protein, is a putative myelin autoantigen in human multiple sclerosis [16] and its phosphorylation at Ser-45 was reported to induce immunological intolerance [17] . In two patients with human AD, the protein was significantly phosphorylated at Ser-59 and Ser-45 [5] . The perivascular B cell aggregation observed in present case may be the immunological response to the phosphorylated alpha B-crystallin. Since immunohistochemical detection of alpha B-crystallin or Hsp 27 was failed due to no cross-reactive antibody to the canine, the exact reason of the lymphoid accumulation in the lesions remains unclear. 
